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Abstract   Minimally invasive surgery is a surgical method, which boasts many 
advantages over regular surgeries, such as decreasing the risks involved by mini-
mizing the incision area, thus reducing the risk of infection compared to invasive 
surgeries. Laparoscopic surgery tools built for this purpose are mostly singular in 
function, which means that it requires multiple incisions for multiple tools or 
changing tools using the same incision during the operation. This project attempts 
to motorize an affordable multifunctional mechanical surgical tool prototype. The 
tool is designed using SolidWorks and controlled using MATLAB/Simulink. 
Three motors are used to motorize the multifunctional laparoscopic tool and their 
control architectures made it more precise and more accurate for noninvasive op-
erations. It is shown that with some physical modifications and simple PID con-
trol, the multifunctional laparoscopy tool can be controlled and modified for the 
robotic-assisted surgery. Possible future improvements include attachment of the 
cameras and wireless control for the tele-operational applications. 
Introduction 
 
     Laparoscopic surgery, widely known as minimally invasive surgery, is accom-
plished using special tools to aid the surgeon in accomplishing relatively complex 
tasks in very small incisions. Laparoscopic operation is low-risk, minimally inva-
sive procedure that facilitates recovery periods of operations thanks to its small in-
cisions (0.5 – 1.5 cm). It also provides less pain, small scars, quick recovery, and 
short hospital stays upon the surgery, hence, it has low-level risk of hospital-
acquired infections, especially the surgical site infections [1-3]. Laparoscopic op-
erations use relatively long surgical tools (40 – 45 cm), which are inserted through 
trocars into the abdomen. One of incisions is used for the light and the camera in-
sertion. Surgeon operates using the visual feedback obtained from the camera. 
Forceps, hooks, scissors, dissectors and probes are among the most commonly 
used surgical instruments in the laparoscopic operations.  Removal of the appen-
dix, gallbladder, and parts of the intestines are among the various procedures that 
laparoscopic surgery is often performed [4-6]. 
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While laparoscopic surgery presents less risk of complications for the patients, the 
operation is more complicated compared to open surgeries due to its limited work-
ing area. Surgeons have limited motion capability, reduced tactile sensation and 
depth perception; therefore their dexterity is decreased [7,8].    
 
In order to overcome these limitations and provide more ergonomic operation 
conditions to the surgeons, some improvements have been recently performed [9]. 
Multi-functional laparoscopic tools have been developed to avoid complications 
arise due to changing tools such as gas leakage from the abdomen, focusing the 
same tool-tip during the operation and readjusting camera properties [10,11]. 
Moreover, these tools decreased the operation time. Their designs made these in-
struments superior to be used in the robotic-assisted surgeries where only one ro-
botic arm might control several tools. Hence, the necessity of using multiple ro-
botic arms to mount the surgical instruments will disappear and more economic 
and surgeon-friendly robots might be developed thanks to modernization of lapa-
roscopic instruments [12].  
 
In this study, we present a motorized-laparoscopic-surgery tool that has been de-
signed as a multi-functional laparoscopic instrument for appendectomy operations 
[10]. As mentioned above, appendectomy is an operation involving the removal of 
the appendix, usually after a patient is diagnosed with appendicitis, the infection 
of the appendix [13]. Scissor, endo-loop, endobag are three main laparoscopic in-
struments, which are commonly used in appendectomy. The procedure starts with 
inserting a 10 - 12-mm diameter trocars (port, tubing) in to the incisions. One of 
them is allocated for the laparoscopic camera to transfer the desired part of the op-
eration area on the screen. Using the other trocars, laparoscopic instruments are 
placed through the abdominal cavity to isolate appendix from the vessels and fat 
tissue. Next, endoloop squeezes the appendix, and then endobag covers the appen-
dix. Scissor cuts the appendix through the endloop-knot, and the appendix is taken 
out in the endobag through the trocar. This process takes 30 - 40 minutes.  The 
multi-functional appendectomy device developed by Elif et al. [10] combined the 
scissor, endoloop and endobag in one laparoscopic instrument that is dedicated for 
the appendectomy. As a result, appendectomy becomes fast, easy, safe, stable and 
physically less tiring for the surgeon.  
 
Here, we motorized and controlled the multi-functional laparoscopic appendecto-
my device. We performed MATLAB simulations for position control of the scis-
sor, endoloop and endobag. Our results presents PID-based position control for the 
motorized-multi-functional laparoscopic instrument.  
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Methods 
 
Design of the multi-functional laparoscopic appendectomy device was per-
formed using Solidworks (2015) as previously reported in [10]. Although our re-
sults will present the MATLAB/Simulink results of the scissor (main body), endo-
loop, and endobag, Figure 1 shows the schematic of the multi-functional 
laparoscopic appendectomy device based on Solidwork designs.  
 
 
Fig. 1. Design of the motorized, multi-functional laparoscopic   appendectomy 
device. 
 
The SolidWorks files were transferred into MATLAB/Simulink (2017b) files to 
be able to control virtual motors, gears and the tips of the laparoscopic tools. Fig-
ure 2 shows the position control of the multi-functional laparoscopic appendecto-
my device in the MATLAB/Simulink. 
 
To define the relation of a revolutionary gear with a prismatic link the rack and 
pinion constraint was defined, Figure 3 illustrates the control block diagram of the 
endobag in Simulink.  
     
 
Fig. 2 Representation and control of endobag in MATLAB/Simulink (2017b).     
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Fig. 3 Position control block diagram of the multi-functional laparoscopic ap-
pendectomy device in the MATLAB/Simulink. 
 
 The rack prismatic motion and the pinion revolute motion is tightly linked in 
the Simulink model [14]. A servomotor was simulated for each gear by adding a 
feedback loop to a simulated DC motor model, whose values were taken from the 
Herkulex DRS-0201 Smart Servo motor. This feedback loop uses a PID controller 
as illustrated in Figure 4. The control loop of each gear is identical; the only dif-
ference is the gear ratio used for the gear-link pairs. In the case of the endoloop 
and endobag, they are identical. The gear ratio of the scissor (main invasive body) 
is different in size, and its cylindrical constraints in MATLAB/Simulink (2017b) 
need to be changed to have no target states for the kinematics to be calculated 
without an error.  To tune the PID controllers, MATLAB/Simulink's internal auto-
tune function was used. 
 
 
Fig. 1 Representation of the motor control architecture in Simulink. 
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Results 
 
Position control of the endoloop, endobag and scissor were tested applying a 1-
cm step response both in the absence and presence of Gaussian noise (Mean: 0, 
variance: 10−8 m).  Using MATLAB’s PID auto-tune function, two sets of values 
were found. 
In set A, we attempt to minimize the overshoot and the settling and rise times, 
to the extent that the simulation allows as to. In set B, we find sub-optimal PID 
values that are uniform for all parts and are within feasible ranges. 
Table 1 shows set A PID controller parameters for each part of the simulated 
motorized, multi-functional laparoscopic appendectomy device. Table 2 and Fig-
ures 5-6 present the step response characteristics of the endoloop, endobag and 
scissor. Table 3 shows the parameters of set B. Table 4, with figures 7-8, show the 
step response characteristics of set B. 
Table 1. Set A of PID values for part motors 
Part Proportional 
(P) 
Integral 
(I) 
Derivative 
(D) 
Filter 
Coefficient (N) 
Endobag 2315 7625 173.8 8780 
Endoloop 2315 7625 173.8 8780 
Main 
body 
663.2 2255 48.71 8232 
 
Table 2. Step Response Characteristics of Set A  
Part Overshoot 
(%) 
Settling time 
(ms) 
Steady state 
error (mm) 
Rise time 
(ms) 
Endobag 2.68 40.8 0.00 14.9 
Endoloop 2.68 40.8 0.00 14.9 
Main body 2.03 317 0.00 16.3 
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Table 3. Set B of PID values for part motors 
Part Proportional 
(P) 
Integral 
(I) 
Derivative 
(D) 
Filter 
Coefficient (N) 
Endobag 319.8 1857 13.64 1305 
Endoloop 319.8 1857 13.64 1305 
Main 
body 
95.93 557.1 4.092 1305 
 
Table 4. Step Response Characteristics of Set B  
Part Overshoot 
(%) 
Settling time 
(ms) 
Steady state 
error (mm) 
Rise time 
(ms) 
Endobag 3.59 612 0.00 142 
Endoloop 3.59 612 0.00 142 
Main body 3.59 612 0.00 142 
 
 
Fig. 5 For set A, position control for the endoloop and endobag. Step input is 
applied as reference (yellow), and positions of the tips are presented (blue). a) 
Without noise, b) with noise. 
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Fig. 6 For set A, position control for the scissor (main body). Step input is ap-
plied as reference (yellow), and positions of the tip is presented (blue). a) Without 
noise, b) with noise. 
 
 
 
Fig. 7 For set B, position control for the endoloop and endobag. Step input is 
applied as reference (yellow), and positions of the tips are presented (blue). a) 
Without noise, b) with noise. 
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Fig. 8 For set B, position control for the scissor (main body). Step input is ap-
plied as reference (yellow), and positions of the tip is presented (blue). a) Without 
noise, b) with noise. 
 
 
 
Discussion 
 
     Here we present the simulation results for the position control of the motorized 
laparoscopic surgery tool. Still most of the laparoscopic surgery tools are manual. 
Our preliminary results show that a robust, fast and accurate position control of 
the laparoscopic surgery tool. Previously, moving the gear manually controlled the 
position of the tool-tips [10]. The PID control is one of the simplest and most 
widely used control architectures for industrial tools in automation. It is also con-
venient for the control of surgical tools in medicine. Furthermore, it is economic 
to implement. Stability, accuracy, repeatability and reliability of the tools can be 
achieved applying various control architectures according to microenvironment of 
the operating area and the task of the operation. The results also show response 
performance comparable to that of surgeons, with surgeons usually having an ac-
curacy in the µm to mm range [15] [16]. Today robotic systems are still very ex-
pensive to be able to part of every operating room in hospitals [12]. Therefore, de-
velopment of cheaper, portable and user-friendly robotic systems or tools will be 
very valuable. Automated robotic-assisted surgery in conjunction with artificial in-
telligence will significantly contribute to the surgery and medicine in near future.    
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